Introduction: Accurate measurement of health inequities is indispensable to track progress or to identify needs for health equity policy interventions. A key empirical task is to measure the extent to which observed inequality in health -a difference in health -is inequitable. Empirically operationalizing definitions of health inequity has generated an important question not considered in the conceptual literature on health inequity. Empirical analysis can explain only a portion of observed health inequality. This paper demonstrates that the treatment of unexplained inequality is not only a methodological but ethical question and that the answer to the ethical question -whether unexplained health inequality is unfair -determines the appropriate standardization method for health inequity analysis and can lead to potentially divergent estimates of health inequity. Methods: We use the American sample of the 2002-03 Joint Canada/United States Survey of Health and measure health by the Health Utilities Index (HUI). We model variation in the observed HUI by demographic, socioeconomic, health behaviour, and health care variables using Ordinary Least Squares. We estimate unfair HUI by standardizing fairness, removing the fair component from the observed HUI. We consider health inequality due to factors amenable to policy intervention as unfair. We contrast estimates of inequity using two fairness-standardization methods: direct (considering unexplained inequality as ethically acceptable) and indirect (considering unexplained inequality as unfair). We use the Gini coefficient to quantify inequity. Results: Our analysis shows that about 75% of the variation in the observed HUI is unexplained by the model. The direct standardization results in a smaller inequity estimate (about 60% of health inequality is inequitable) than the indirect standardization (almost all inequality is inequitable). Conclusions: The choice of the fairness-standardization method is ethical and influences the empirical health inequity results considerably. More debate and analysis is necessary regarding which treatment of the unexplained inequality has the stronger foundation in equity considerations.
Introduction
Inequalities and inequities in health care and health outcomes continue to be in the center stage of health policy in many jurisdictions. Accurate measurement of inequalities and inequities is indispensable to track progress or to identify needs for policy interventions [1, 2] . Regular reporting of health inequalities and inequities requires ongoing data and methodological improvement. Measurement of health inequities is more challenging than that of health inequalities not only for their requirements for data on determinants of health [3] but also for ethical considerations. Health inequities are a subset of ethically problematic health inequalities -differences in health -, and their measurement demands a definition of health inequity and operationalization of the chosen definition in the measurement exercises [4, 5] .
To date, no single, agreed-up definition of health inequities exists. Alternative definitions of health inequity can be distinguished by the sources of health inequality each classified as ethically acceptable and unacceptable. For example, Braveman and Gruskin define health equity as "the absence of systematic disparities in health … between social groups who have different levels of underlying social advantage/disadvantage" ( [6] , p. 254). This view thus regards inequalities associated with social advantage as ethically unacceptable. In contrast, equal opportunity for health, a definition gaining popularity in the health economics literature [7] [8] [9] [10] , considers health inequality due to factors beyond individual control is unfair. In this view, factors within individual control are ethically acceptable sources of inequality.
Given that the ultimate focus of policy concern is health inequities, a key empirical task is to measure the extent to which observed inequality in health is inequitable. This requires an integration of the conceptual and empirical literatures on health inequity [4, 5, 11, 12] . Empirically operationalizing definitions of health inequity has generated an important question not considered in the conceptual literature on health inequity noted above [7, 11, 12] . Empirical analysis can explain only a portion of observed health inequality. The presence of large unexplained variation in health regression models is no news to methodologists, who typically consider it as a data or methodological limitation. However, in the measurement of health inequity, a question arises as to how we should classify unexplained health inequalityfair or unfair. This ethical question is unavoidable in such empirical exercises, and different answers to this question can result in divergent health inequity results, some of which are fundamental to health equity policy, such as how much health inequity exists in the population, and to what degree observed health inequality is inequitable. Despite potentially large policy implications, the issue of unexplained health inequality has not received sufficient attention in health services and population health research and policy.
The goal of this paper is to demonstrate that the answer to the ethical question -whether unexplained health inequality is unfair -determines the choice of the standardization method and can lead to potentially divergent estimates of health inequity. In the next section, we explain how this question arises in the assessment of health inequities and articulate how answers to this question lead to particular methodological choices. We then demonstrate the importance of this ethical question empirically using the Joint Canada/United States Survey of Health (JCUSH) [13] , which is typical of the data available for health inequity analysis. Our analysis shows that different ethical judgments regarding unexplained health inequality lead to substantial differences in estimates of health inequity. We conclude by discussing future research directions to enhance understanding of this issue.
Ethical judgments regarding unexplained health inequality in health inequity analysis
The issue of unexplained health inequality arises in an effort to be transparent and explicit about the definition of health inequity when empirically measuring health inequity. Measuring health inequity requires individuallevel data to model variation in health at the individual level. Assuming that we have such individual-level health survey data, we begin by quantifying the amount of inequality in the distribution of observed health across individuals. We can use a univariate inequality index (e.g., Gini index). This provides a measure of the total amount of health inequality in the population.
To measure health inequity, we must quantify the distribution of unfair health across individuals in the population, that is, unfair health inequality. Unfair health, however, is not directly observable. To estimate it from observed health, we first model variation in health. The goal is to statistically explain as much variation in health as possible with the data at hand. This enables us to partition variation in health into that attributable to factors considered fair, or legitimate, sources of variation, and that attributable to factors considered unfair, or non-legitimate, source of variation. In other words, to define health inequities we need to look at causes of health inequalities [11] .
As an example, let us consider a popular definition of health inequity, policy amenability, which argues that health inequality due to factors amenable to policy intervention is unfair [14] . We classify each variable in our data as a legitimate (ethically acceptable) source of inequalitythat is, it is not amenable to policy intervention -or an illegitimate (ethically unacceptable) source of inequalitythat is, it is amenable to policy intervention. Table 1 is an example of such legitimate-illegitimate classification based on the perspective of policy amenability. We assume age largely represents the biological association with health and treat it as the only variable that is not amenable to policy intervention, and thus, a legitimate source of variation in health. We classify all other variables as amenable to policy because: (a) it is possible to change the distribution of the variable (e.g., education, income), or (b) even when it is not possible to change the distribution of the variable, it is in principle possible to change how society treats people with the characteristic (e.g., for race and sex, it is possible to eliminate racial or sex discrimination). Age and sex capture both biology and social policy, and the asymmetrical treatment stems from our assumption as to which effect each of these variables represents most.
Classifications like that in Table 1 generate intense debate for at least two reasons. First, defining health inequity in this way assumes causality between health and the other variables, which cannot always be established empirically due to data and methodological limitations. Second, people debate passionately whether a particular source is legitimate or illegitimate. Our particular choices presented in Table 1 are only for illustrative purposes. The key point here is that, to estimate unfair health, one needs to classify variables as legitimate or illegitimate according to a chosen definition of health inequity.
Having classified each variable, we then remove the influence of the fair component -legitimate variables according to a chosen definition of health inequity -on the observed health through fairness-standardization. This leaves us with only inequality due to unfair sources. Fairness-standardization is similar to age-standardization in epidemiological studies, which removes the influence of age when estimating mortality rates, but in this context, standardization removes the influence of all legitimate sources of inequality. Consequently, the standardization generates the inequitable distribution of health in the population. The amount of inequity is then quantified by applying the same inequality index as above to this distribution of unfair health. Despite the use of the same mathematical index, the measure here is an index of inequity, as opposed to simply inequality, as it quantifies the distribution of unfair health.
For fairness-standardization, two methods are available: direct and indirect. As we show below, the choice of the standardization method is closely connected to ethical judgments regarding unexplained inequality.
Both direct and indirect standardization methods are based on the notion that the observed health consists of legitimate, illegitimate, and unexplained components:
Using the direct standardization method, we predict unfair health directly by allowing only the illegitimate variables alone to influence the predictions. To do so, we purge the influence of legitimate variables by setting the value of these variables constant (expressed with the bar in the equation) during the prediction and ignore the unexplained component:
As is clear, this produces a distribution in which the only source of variation in predicted levels of health arises from variation across individuals in illegitimate factors.
Using the indirect standardization, we first predict fair health by allowing only the legitimate variables to influence the predictions. To do so, we purge the influence of illegitimate variables (by holding their values at a constant during prediction) and ignore the unexplained component:
We then calculate unfair health by subtracting the estimate of fair health from the observed health and adding the mean health of the population:
This addition of the mean health of the population is conventional [15] and ensures that the distributions of the observed health and the unfair health have the same mean value.
For both standardization methods, we can choose any values at which to hold the relevant variables constant (legitimate variables for direct standardization and illegitimate for indirect standardization). But the choice reflects an ethical and policy judgment regarding the reference attributes by which we assess health inequity. For example, for the definition of policy amenability discussed above, we can hold each relevant variable at the category to which policies might reasonably aim (e.g., education at "high school"), or we could set the level to the healthiest category in the population (e.g., education at "university or college certificate"). Whether we should assess health Variables are those we include in our analysis using the Joint Canada/ United States Survey of Health (JCUSH). "Policy amenability" argues that health inequality due to factors amenable to policy intervention is unfair [14] . A legitimate source of health inequality means that the variable is not amenable to policy, thus, resulting health inequality is ethically acceptable. An illegitimate source of health inequality means that the variable is amenable to policy, thus, resulting health inequality is ethically unacceptable.
inequity against a modest or ambitious goal depends on which differences in health we consider as unfair and what reference we consider as an appropriate policy goal. Just as the legitimate-illegitimate classification of variables, the choice of reference values can generate debate. For the purpose of this paper, which compares the two standardization methods, we set reference values equal to the modest goals as an example. Importantly for the focus of this paper, notice that the unfair health estimated by the direct standardization does not include the unexplained component while the unfair health estimated by the indirect standardization does. The larger the unexplained component is, the greater the discrepancy is between unfair health estimated by these two standardization methods.
Notice further that the choice of the standardization methods implies ethical judgments: using the direct standardization, we regard unexplained variation in inequality as ethically acceptable, and using the indirect standardization, we regard it as unfair. Although this issue has been raised in the health economics literature [7, 11, 12] , there has been little appreciation for these ethical judgments in the public health and health policy literatures. Below we illustrate how much difference these standardization methods can make in estimates of health inequity using typically available survey data.
Methods

Data
We estimate health inequity using the 2002-03 Joint Canada/United States Survey of Health (JCUSH), a cross-sectional population health survey jointly conducted by Statistics Canada and the U.S. National Center for Health Statistics [13] . The JCUSH questionnaire included questions regarding health status, health care utilization, health behaviour, socioeconomic status, and health insurance status. The target population was noninstitutionalized Canadian and U.S. household residents aged 18 and older. The JCUSH used a complex sampling design with stratification by geographic region and oversampling of respondents aged 65 and over.
For simplicity and the ease of exposition, in this paper we present the results for the American sample only. The analysis using the Canadian sample yielded the same key methodological findings (available from the authors upon request). The original American sample of the JCUSH is 5,183 (response rate: 50.2%). We exclude observations with missing values (typically less than 4% of observations), except income (19.8%), for which we create "income missing" category. We also exclude 48 observations with scores of the Health Utilities Index (HUI), our measure of health, less than or equal to zero. The final sample size for our analysis is 4,328.
Variables Health
We measure health by the Health Utilities Index Mark 3 (HUI), a well validated and widely used generic healthrelated quality of life measure [16] . The HUI measures the respondent's functional levels in eight dimensions (vision, hearing, speech, mobility, dexterity, emotion, cognition, and pain) and converts his or her functional levels into a health-related quality-of-life score based on preferences of the general public (as opposed to the respondent's preferences) over health states. One advantage of the HUI is that it is possible to identify when a difference in scores is meaningful for policy purposes. A difference of 0.030 or greater is meaningful or important [17] , indicating the difference large enough to justify a recommendation for an intervention to achieve such an increment in health [18] . The observed distribution of HUI scores in the full sample range from −0.360 to 1.000 on a scale in which 0.000 represents being dead and 1.000 represents perfect health, and negative scores indicates health states worse than dead. For our analysis, we use only observations with zero or positive HUI scores as the Gini index, by which we measure univariate inequality and inequity, allows only non-negative values for the variable being analyzed [19] .
Attributes known to be associated with health
We use a number of attributes known to be associated with health and available from the JCUSH: demographic status, health behaviour, socioeconomic status, and health care system factors, including the availability of basic health care, quality of health care, and health care insurance. We tested for interactions among these variables and retained the interaction terms between smoking and income and between body mass index (BMI) and education, which remain statistically significant at the 5% level in the final model.
Quantifying health inequality and inequity
We use the Gini coefficient to quantify health inequality and inequity [4, 20] . The Gini coefficient takes values between zero (perfectly equal distribution) and one (most unequal). The Gini coefficient is widely used in the income inequality literature and has also been applied to quantify the distribution of health [21] . The Gini coefficient assumes that the underlying variable is measured at the ratio scale level. The HUI is an interval-scale measure, so our application of the Gini to the HUI violates this assumption. In practice, however, many inequality analyses apply the Gini to health measures that do not strictly satisfy this assumption, and given that the choice of inequality measure is not central to the main focus of our analysis, we believe our use of the Gini is reasonable. Although the 0-1 index of the Gini coefficient itself does not give an intuitive interpretation, twice the value of the Gini coefficient indicates the proportion of the expected mean difference between two randomly selected persons in the population [22] . For example, a value of 0.100 for the Gini coefficient with the mean HUI, 0.800, indicates that the expected difference in the HUI from two randomly drawn persons in this population is twice 0.100 (i.e., 0.200) of the mean HUI, 0.800 (i.e., 0.160). When the Gini coefficient in the population indicates the expected difference in the HUI from two randomly drawn persons equal to or greater than 0.030, the minimum magnitude for a difference in HUI scores to be policy relevant, we consider this inequality or inequity as policy relevant.
Analysis
The analysis proceeds with the following three steps. First, we estimate the magnitude of inequality in the observed HUI across individuals using the Gini coefficient. Second, we model variation in the observed HUI. Third, based on the definition of policy amenability, as discussed above, and using the direct and indirect standardization methods, we estimate unfair HUI for each individual and quantify the magnitude of inequity using the Gini coefficient. In both standardization methods, we hold relevant variable at the category to which policies might reasonably aim (see Additional file 1).
Modeling the distribution of the HUI is challenging because the HUI is bounded (between 0.000 and 1.000), it spikes at 1.0 (in our JCUSH sample, about 25% of the observations have HUI=1), and it is left-skewed. Researchers have recommended a number of alternative statistical methods to empirically model the distribution of HUI, including Ordinary Least Squares (OLS), Tobit, censored least absolute deviation (CLAD), two-part models, and latent class models, with no consensus regarding the best approach [23] [24] [25] [26] . In this paper we present results from the OLS because OLS performed well relative to two-part models and CLAD in our sensitivity analysis and is easier to understand than the alternatives a . We weight all analyses using the sample weights provided by the JCUSH. To estimate variance accounting for the JCUSH's complex survey design, we use the balanced repeated replication methods with balanced repeated replication weights provided by Statistics Canada and the US National Center for Health Statistics. We consider p<0.05 as statistically significant. We use Stata 11 for all analyses [27, 28] .
Results
Sample characteristics
Sample characteristics and the average HUI across subgroups mostly follow expected patterns ( Table 2 ). The average HUI is lower among older age groups; those separated, divorced, or widowed; black or other racial group; those with unmet need; those without pharmaceutical insurance; and those with Medicaid only. The average HUI does not differ much by sex or country of birth. Those with healthy behaviours and high socioeconomic status, measured by income or education, have higher average HUI. Those with no regular medical doctor and no health insurance have higher average HUI than those with regular medical doctor and health insurance, which may indicate younger age and less demand for health care among this group. High demand for health care may be a factor for lower average HUI among those with high blood pressure or asthma and received treatment or medication in the last 12 months than those with such conditions but who did not obtain treatment or medication.
Modeling variation in health (HUI)
The fit of our model is comparable to other work describing the variation in the HUI (adjusted R 2 : 0.258, Table 3 ) [29, 30] . Among the demographic variables, only age is statistically significant. Lack of statistical significance of race is somewhat counter-intuitive but confirms other studies using the JCUSH (e.g., [30] ). When we add socioeconomic variables to demographic variables, race becomes statistically insignificant, and, after introducing health care supply variables, the sign of the coefficient for black flips from negative to positive. All health behaviour variables (smoker type, BMI, and physical activity) and socioeconomic variables (income and education) show statistically significant effects on the HUI, either individually or through interactions. All health care supply variables are statistically significant, with the unmet need variable showing the largest coefficient (−0.110), followed by health insurance type (−0.092 for Medicaid only with no insurance as the reference).
Health inequality
The far left data point of Figure 1 shows the magnitude of health inequality. The Gini coefficient for the distribution of the observed HUI is 0.094 (95% CI: 0.089, 0.100), and the mean HUI value for this distribution is 0.880 (95% confidence interval [CI]: 0.873, 0.886). Based on this information, the expected mean difference in the HUI of two randomly selected individuals is 0.165, which notably larger than the minimally policy significant difference in the HUI of 0.030.
Health inequity -the direct vs. indirect fairnessstandardization method
As shown in Figure 1 , the choice of the standardization method makes a substantial difference in estimates of health inequity. Using the direct standardization, the magnitude of health inequity, expressed by the Gini coefficient, is 0.059 (95% confidence interval [CI]: 0.058, 0.061), while using the indirect standardization, the Gini coefficient is 0.086 (95% CI: 0.082, 0.091). The large difference between these inequity estimates reflects the large amount of unexplained variation in health -the adjusted R 2 for the regression model is 0.258, which indicates that about 75% of the variation in the observed HUI is not explained by the model. The direct standardization method presumes this large unexplained variation is fair, while the indirect method regards this unexplained variation as unfair.
Both inequity estimates are policy relevant. The Gini coefficients of 0.059 (the direct standardization) and of Health inequality vs. health inequity Figure 1 also shows that the choice of the standardization method influences the comparison between health inequality and health inequity. The Gini coefficient for the distribution of the observed HUI (0.094; 95% CI: 0.089, 0.100) is 1.6 times larger than the Gini coefficient for health inequity estimated by the direct standardization (0.059; 95% CI: 0.058, 0.061). However, the Gini coefficients for inequality and for inequity estimated by the indirect standardization (0.086; 95% CI: 0.082, 0.091) are not statistically significantly different. Therefore, the choice of the standardization method offers two contrasting results: About 60% of health inequality (the direct standardization) or almost all health inequality (the indirect standardization) we observe is inequitable.
Discussion
In the context of the empirical assessments of health inequities, this paper investigated the empirical importance of the ethical question of whether unexplained health inequality is unfair. The classification of unexplained inequality as fair or unfair is closely connected to the choice of the fairness-standardization methods, a critical step for the measurement of health inequities. As the analysis of the US component of the JCUSH showed, this choice can substantially influence the empirical results regarding how much health inequity exists in the population and the proportion of observed health inequality that is inequitable. We obtained the same results in analyses using the Canadian sample of the JCUSH and using a different definition of health inequity, equal opportunity for health (results not shown).
The question of how best to treat unexplained health inequality deserves more extensive consideration in the assessment of health inequities than it currently does. Both direct and indirect fairness-standardization methods are technically valid but can produce different health inequity information and imply different ethical stances in regard to unexplained variation. An analogy here may be the choice between direct and indirect agestandardization methods in epidemiological studies [31] . Both of these methods are sound but are known to produce different results. Analysts are therefore advised to be explicit and consistent about their methodological choice. What complicates the choice of the fairnessstandardization methods is that it is not merely methodological but ethical.
Although unexplained health inequality is not an issue for those who subscribe to the view that all health inequalities are inequitable (for whom all observed variation -explained or unexplained -is unfair), it is an unavoidable issue for empirical analysts who do distinguish between pure health inequality and health inequity. Currently available data and modeling techniques enable analysts to explain only a relatively small portion of observed variation in health at the individual level. Because the issue of unexplained inequality only arises in empirical work, it has rarely been paid attention to in the conceptual discussion regarding definitions of health inequity. Still, some work in the recent detailed philosophical analysis of health inequity by philosophers, economists, and ethicists provides a hint as to how to consider the ethical significance of unexplained inequality.
To examine the ethical significance of unexplained inequality, it is useful to recognize that unexplained variation -residuals in a regression context -consists of two types of variation: variation systematically related to unobserved factors and random variation. The issue of unmeasured systematic variation stems from methodological limitations. Improved data, such as longitudinal data with a rich array of variables capturing individuals' life history, and improved modeling techniques can reduce unmeasured systematic variation. As soon as unmeasured systematic variation becomes observed systematic variation, the question goes back to a familiar, on-going debate regarding definitions of health inequity, that is, which sources of health inequality are ethically unacceptable.
To assess the ethical significance of random variation, the philosophical literature distinguishes "brute luck" -unfortunate events from which even sensible persons suffer, such as being hit by lightning during the commute with no warning, or suffering from a genetic disease by chance (often referred to as genetic lottery) -and "option luck" -unfortunate events associated with voluntary risks, such as being hit by lightning while playing golf with a plenty of warning or getting injured during voluntary bungee jumping [32] [33] [34] . The philosophical literature offers a wide range of views regarding the ethical significance of brute and option luck. Some scholars consider neither option nor brute luck as unfair because only variations in health associated with known socially distributed determinants of health are unfair [35, 36] . Alternatively, most equality in opportunity theories, also known as luck egalitarianism, consider that inequality caused by brute luck is unfair while that by option luck is fair [37] . Yet another view sees both brute and option luck as unfair [38] . To date, this philosophical literature has not caught attention in health services and population health research and policy, but it is an important literature in the face of large unexplained health inequality in empirical work.
Advances in data, modeling techniques, and philosophical arguments are ongoing processes, and the measurement and monitoring of health inequities for effective policy making cannot wait for their perfection. Three proposals are available for the treatment of unexplained health inequality in the current imperfect world that still urges policy making. First, Bago d'Uva, Jones, and van Doorslaer [39] recommend in the context of needstandardization for health care utilization, which faces a directly analogous problem, that analysts always provide two estimates of inequity, the lower bound estimate provided by the direct standardization and the upper bound estimate by the indirect standardization. This is a pragmatic stop-gap solution but passes the difficult ethical question to users of health inequity information. Second, given complex causal relationships between health and its determinants and the fact that we do not understand them fully, we might argue that it would be safer to assume unexplained health inequality is of ethical significance, that is, unfair [40, 41] . This judgment, and policy decisions that follow from it, will come with some opportunity cost. Resources that are devoted to address health inequity based on this judgment could be directed to competing health or other social issues. We should at least know the nature of such opportunity cost before committing to such judgment.
Finally, Garcia-Gomez and colleagues [7] empirically investigate what unexplained health inequality is. They tested the view articulated by Lefranc and colleagues in the analysis of unexplained income inequality [42] : classify unexplained inequality as luck; examine whether the distribution of luck is uncorrelated with ethically unacceptable sources of inequality; and if that is the case, consider luck an ethically acceptable source of inequality. In their analysis of inequality in mortality among the Dutch population, they adopted the view of equal opportunity for health as the definition of health inequity, which argues that health inequality due to factors beyond individual control is unfair. They considered variables such as sex, age, and education as ethically unacceptable sources of inequality while variables such as smoking, exercise, and weight as ethically acceptable sources of inequality. They found that unexplained inequality is distributed differently across groups of people categorized by sex, age, and education with or without controlling for the health behaviour. In sum, their analysis suggests that unexplained inequality is not an ethically acceptable source of inequality.
Most of this emerging empirical work and its authors' insight in into the importance of ethical discussion are of considerable significance for public health and health policy. Given potentially serious policy implications of the issue of unexplained health inequality, analysts should at least make their methodological choices explicit and report both results from both standardization methods whenever they can. Moving beyond this pragmatic solution, however, analysts need to spur more debate and analysis regarding which treatment of the unexplained inequality has the stronger foundation in equity considerations.
Endnote a
The choice of the standardization methods would become even more ethically relevant if we used a nonlinear model for the HUI. This means that, in a sense, our results using a linear model provide conservative estimates of the importance of this choice. We would like to thank an anonymous reviewer for pointing this out.
